Objective: The aim of the present study was to investigate the clinical and nutritional factors influencing the renal function of the transplanted kidney during a one-year follow-up period after transplantation. Patients: The present prospective observational study included 52 patients who underwent kidney transplantation at Jichi Medical University Hospital from 2014 to 2016. Results: The serum creatinine (sCr) concentration at one month after transplantation was closely related to the concentration at 12 months. The recipients were divided into two groups based on the sCr concentration at one month after transplantation. Recipients with a sCr concentration greater than or equal to the median were classified into Group H, while those with concentrations that were less than the median were classified into Group L. A stepwise multiple regression analysis demonstrated that the salt intake in male recipients was an independent predictor of the renal function at 12 months (β = 0.663, p < 0.01), while the BMI was an independent factor in female recipients (β = 0.618, p < 0.01). Moreover, in female recipients, the BMI and serum uric acid values in Group H were significantly higher than those in Group L. The BMI values of the female recipients in Group H were significantly higher than those in Group L at all times during the follow-up period (p < 0.01). Conclusion: The daily salt intake was independently associated with the renal function at one year after kidney transplantation in male recipients. In female recipients, the BMI was independently associated with the sCr concentration during the one-year follow-up period.
Introduction
Patients with end-stage kidney disease (ESKD) are usually treated with hemodialysis, peritoneal dialysis or kidney transplantation. Kidney transplantation is superior to the other treatments as it benefits the quality of life and improves the prognosis with regard to cardiovascular complications. In Japan, the number of kidney transplants has been increasing since cyclosporine, a potent immunosuppressant, was introduced in the clinical setting. In 2015, 1,661 patients received kidney transplants in Japan, and the number of living and deceased donor reached 1494 and 167, respectively [1] .
Kidney transplant recipients are usually managed with special care during the follow-up period (i.e., the early post-operative phase of 1 -2 weeks, the early post-transplant follow-up phase of 3 -4 months, and the long-term follow-up phase). During the long-term follow-up phase, the risk of infection or acute rejection decreases with the stability of the renal function because the self-defense system is rebuilt in the recipient.
The renal function after transplantation is influenced by the presence of one kidney, chronic rejection or the recurrence of nephritis. The glomerular filtration rate (GFR) of the transplanted kidney is maintained at 50 -70 mL/min/1.73 m 2 , and this causes glomerular hyperfiltration in the residual nephrons [2] .
Moreover, kidney transplant recipients experience an increased appetite due to corticosteroid treatment, particularly during the first year. Weight gain, metabolic syndrome and hypertension often reduce graft survival [3] [4] [5] [6] [7] .
Since the serum creatinine concentration at one year after transplantation is a predictor of graft survival [8] , it is important to improve the kidney prognosis, and the guidelines, including the guidelines of the Expert Working Group Report on Nutrition in Adult Patients with Renal Insufficiency [9] and Dietitians Association of Australia (DAA) and Caring for Australasian with Renal Impairment (CARI) [10] state the importance of controlling nutritional behavior. In Japan, however, evidence is very limited, and is only described in the Clinical Guideline for Medical and Pediatric Complications after Kidney Transplantation 2011 [11] and Dietary Recommendations for Chronic Kidney Disease 2014 [12] .
The optimum nutritional strategy for post-transplant patients remains to be elucidated.
Thus, in the present study, we investigated the clinical and nutritional factors influencing the renal function after kidney transplantation using the one-year follow-up data of patients who underwent kidney transplantation in Jichi Medical University Hospital.
Subjects and Methods

Ethical Considerations
The study protocol was approved by the ethics committee of the Jichi Medical University (No.15-067). The authors declare no conflicts of interest in association with the present study. Informed consent was obtained in the form of opt-out on the web-site and those who rejected were excluded.
Subjects
Fifty-four recipients who were over 20 years of age were enrolled in this study.
The recipients were managed in Jichi Medical University Hospital from 2014 to 2016. Two recipients dropped out because their body weight and 24-h urine collection data were not available. Fifty-two recipients (male, n = 32; female, n = 20) completed the study.
Design of Study
This study was based on the interim analysis during 12 months of 5 year-prospective observational study. We examined the baseline characteristics of kidney donors and recipients. The donor factors that were collected included gender, age and the glomerular filtration rate (GFR). The GFR was assessed as the creatinine clearance rate using 24-h urine. The recipient factors that were collected included age, causative disease, dialysis history, operative time, hemorrhage volume during operation, serum Cr concentration, body mass index (BMI), primary disease and medication details.
The study protocol is shown in Figure 1 . The clinical and laboratory data (BMI, systolic blood pressure, diastolic blood pressure, serum Cr, HbA1c, albumin, uric acid, potassium, phosphorus, triglyceride, high density lipoprotein cholesterol and low density lipoprotein cholesterol concentrations) were determined at 1, 3, 6 and 12 months after transplantation. Low density lipoprotein cholesterol was calculated by Friedwald formula. Furthermore, the dietary protein and salt intake were measured at 3, 6 and 12 months after transplantation. The dietary protein [13] and salt intake of each recipient was determined from 24-h urine collection. According to the Guidelines for the Management of Hypertension 2014 (Japanese Society of Hypertension), casual blood pressures were measured using an automated blood pressure monitoring system (Omron, BP-203RVIII, Kyoto, Japan). The measurements were performed two or more times at intervals of 1 -2 min, and the mean value of the two measurements was used [14] . A blood analysis was performed using an auto analyzer (Hitachi High-Technologies Corp. LABOSPECT 008 α, Tokyo, Japan).
Statistical Analysis
The data were analyzed using an independent t-test, Mann 
Results
The Renal Function after Kidney Transplantation
The changes in the serum Cr concentrations of the recipients in the year after transplantation are shown in Figure 2 . The serum Cr concentrations of both male and female recipients were decreased at 1-month, and then remained almost constant for 12 months. Moreover, the serum Cr concentrations at 12 months were significantly correlated with those at 1 month ( Figure 3 ).
The distributions of the serum Cr concentrations at 12 months are shown in Figure 4 . The concentrations ranged widely, from almost normal to relatively higher concentrations. Thus, we divided the recipients into two groups and analyzed the factors influencing the kidney function at 12 months after transplantation. Recipients whose serum Cr concentrations were greater than or equal to the median (male; 1.28 mg/dL, female; 0.88 mg/dL) were classified into Group H, while those whose values were less than the median were classified into Group L. Furthermore, we stratified the data by gender ( Figure 5 ).
In male recipients, the serum Cr concentrations of Group H were significantly higher than those of Group L during the one-year follow-up period (p < 0. 
The Background Characteristics of the Donors and Recipients
The background characteristics of the donors and recipients at the time of transplantation are shown in Table 1 . Among the donors, there were no differences in gender, age, or GFR between Groups H and L. 
Focal glomerulonephritis 2 (6) 1 (6) 1 (6) 0.758 Among the male recipients, the average age of the male recipients was 46.3 ± 14.2 years (26 -71 years, median 44.5 years), and the average period of dialysis was 20 months (0 -193 months). Twenty recipients were on hemodialysis, 6 were on peritoneal dialysis and 6 received preemptive kidney transplantation. Among the female recipients, the average age was 47.9 ± 14.6 years (23 -72 years, median 49.5 years), and the average dialysis period was 21 months (0 -128 months). Seventeen recipients were on hemodialysis, 2 were on peritoneal dialysis and 1 received preemptive kidney transplantation. The major causative diseases were chronic nephritic syndrome due to diabetes in both male and female recipients. There were no differences in the BMI values of the male recipients in Groups H and L, whereas the BMI values of female recipients in Group H were significantly greater than those in Group L.
The Cross-Sectional Analysis of Factors Influencing the Serum Cr Concentrations at 12 Months after Transplantation
Using the overall data, we analyzed the clinical and nutritional factors that were correlated with the renal function at 12 months after transplantation ( Table 2 ).
The serum Cr concentrations were positively correlated with the daily intake of protein and salt in the male recipients, while the serum uric acid concentrations and BMI were positively correlated in the female recipients. In the stratified analysis, it was demonstrated that the intake of protein and salt was positively correlated with the Cr concentrations at 12 months in male recipients in Group H, while the correlations disappeared in male recipients in Group L. On the other hand, in female recipients, the uric acid concentrations or BMI was not significantly associated with the renal function at 12 months after transplantation both in Group H and Group L. Based on the results from the bivariate correlation analysis, we attempted to isolate independent determinants of the serum Cr concentrations at 12 months after transplantation using a stepwise multiple regression analysis (Table 3) . In male recipients, the salt intake was found to be an independent predictor of the renal function at 12 months (β = 0.663, p < 0.01).
On the other hand, in female recipients, the BMI was independently associated with the renal function at 12 months after transplantation (β = 0.618, p < 0.01). Stepwise multiple regression analysis *p < 0.01. Horizontal lines indicate the factors that were not selected as significant dependent variables by the Stepwise multiple regression analysis.
The Management of Recipients and the Serum Cr Concentrations at 12 Months
We analyzed the relationship between the clinical and nutritional management and the serum Cr concentrations at 12 months in Groups L and H. The physical findings, laboratory data and medications at 1 month after transplantation are shown in Table 4 and Table 5 . In the male recipients, there were no significant differences in any of these factors. In contrast, in female recipients, the BMI and serum uric acid concentrations in Group H were significantly higher than those in Group L. Second, we demonstrated the clinical course of these parameters during the study period. In male recipients, the BMI values of the patients in Groups L and Group H did not differ to a significant extent. In contrast, in the female recipients, the BMI values of group H significantly higher than those of Group L (p < 0.01) ( Figure 6 ).
The SBP values of the two groups of male recipients did not differ to a significant extent, whereas in the female recipients, the SBP values of Group H were significantly higher than those of Group L (p < 0.05) (Figure 7) . At 12 months after transplantation, in the female recipients, the SBP values of Group H were significantly higher than those of Group L (p < 0.05) (Figure 7) .
The serum phosphorus concentrations of the two groups of male recipients did not differ to a significant extent. In contrast, the concentrations of the female recipients in Group H tended to be lower than those in Group L; however, the difference was not statistically significant ( Figure 8) .
The nutritional intake of the male recipients in Groups L and H did not differ to a statistically significant extent at any point in the study period. However, the female recipients in Group H consumed more salt than those in Group L (p < 0.05) (Figure 9 ). There were no differences in the other parameters at any point in the study period. 
Discussion
One of the most important findings of the present study was that serum Cr concentrations at one month after transplantation were closely related to those at 12 months.
In renal transplantation from a living donor, the serum Cr concentrations are restored to normal levels immediately after reperfusion of the transplanted kidney. Recipients usually withdraw from dialysis treatment unless serious acute rejection of the renal graft occurs. In cases involving deceased donor renal transplantation or in a prolonged ischemic time, the renal function rapidly deteriorates [15] . We compared the differences in background characteristics before Using a stepwise multiple regression analysis we demonstrated that the salt intake of male recipients was an independent predictor of the renal function at 12 months. The salt intake before and immediately after transplantation was not available in the present study. Thus, we could not definitely address the appropriate salt intake after kidney transplantation. However, considering that the average salt intake at 3 months after transplantation was 9.9 g/day in Group L and 12.1 g/day in Group H, it is conceivable that the salt intake should be kept to < In this context, Cianciaruso et al. reported that patients with chronic kidney disease (CKD) who were on a low-sodium diet at baseline achieved better renal outcomes during a 3 years of follow-in comparison to those with a high-sodium diet, while there were no differences in the mean blood pressure values of the two groups [16] . Considering these data, salt restriction in CKD patients improves the outcomes of renal disease, independent of any antihypertensive effects. Nevertheless, a future study should be performed to clarify how the salt intake influences the renal graft function.
In contrast, in the overall female recipient population, there was a significant positive correlation between the serum Cr concentration and the serum uric acid markedly worse graft survival and had a higher rate of CVD-related mortality. A meta-analysis of obese and non-obese patients who underwent kidney transplantation demonstrated that obesity was associated with a delayed graft function, and increased CVD-related mortality in recipients [18] . Taken together, it is suggested that body weight control is very important for maintaining the renal function after kidney transplantation. Our results supported these previous studies, and suggest that the BMI should be <20 kg/m 2 , particularly in female recipients.
In the male recipients, there were no differences in the background characteristics of those in Groups H and L, whereas in the female recipients the BMI values of the recipients in Group H were significantly higher than those of the recipients in Group L. This might suggest that obesity in ESRD influences the serum Cr concentrations at one month after transplantation.
The present study is associated with some limitations, including the small sample size and the fact that it was performed in a single center. A multicenter collaborative study with a larger study population is needed in order to make any conclusions with regard to the dietary intake standards to maintain the kidney function of Japanese patients after transplantation. 
Conclusion
In conclusion, recipients exhibited a low or normal kidney function, as measured by the serum Cr concentration, at one month after renal transplantation.
This remained throughout the one-year follow-up period. The daily salt intake was independently associated with the serum Cr concentration during the one-year follow-up period in male recipients. On the other hand, in female recipients, the BMI was independently associated with the serum Cr concentration during the one-year follow-up period. Blood pressure did not affect the serum Cr concentrations. It is necessary to consider sex differences when investigating factors contributing to the renal function after kidney transplantation.
